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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-224 

A TECHFJIQUE FOR FIRING DYNAMICALLY SCALF:D MISSILF: MODELS 

IN WITID “NXLS AND FOR MEASURING ROCKET-MOTOR 

SOUND AND PRESSURE FLUCTUATIONS 

By W i l l i a m  J. Alford, Jr., and Kenneth W. Goodson 

SUMMARY 

An invest igat ion w a s  made t o  develop techniques f o r  f i r i n g  dynami- 
c a l l y  scaled missi le  models i n  wind tunnels and indicated t h a t  such 
techniques are p rac t i ca l .  The dynamic-similarity l a w s  were reviewed 
and found t o  be applicable t 3  e i t h e r  constant Mach number sca l ing  (equal  
compressibil i ty cha rac t e r i s t i c s )  or constant Froude number sca l ing  (equal  
acce lera t ion  cha rac t e r i s t i c s ) .  
vided reasonable t h r u s t  time h is tor ies .  The photographic instrumenta- 
t i o n  w a s  a d e y a t e  f o r  obtaining f l ight-path records of the  missiles under 
conditions of high longi tudinal  velocity. 

Rocket motors were designed t h a t  pro- 

The r e s d l t s  indicated that the  missile launched from a f i n i t e -  
length lmncher  r_t.tached t o  an airplane had smaller t r a j ec to ry  deviations 
than d id  the missile launched from a zero-length launcher. Increasing 
the  a i rp lane  m g l e  of a t tack  caused decreases i n  the  v e r t i c a l  and lateral  
notions of the missile but  caused increases i n  t h e  r o l l i n g  motion. 
Changing the airplane s ides l ip  produced excessively large r o l l i n g  motions 
with the l a r g e s t  e f f e c t s  occurring for pos i t i ve  s i d e s l i p  angle (missile 
under l e f t  wing). Noise measurements of t he  rocket motor were m a d e  and 
t h e  r e s u l t s  showed high overa l l  acoustic l eve l s  of approximately 
146 decibels  which could be detrimental t o  the  surrounding s t ruc tu re  i f  
they occurred at; the s t r u c t u r a l  natural  frequency. The noise frequency 
spectr ,m could not  be obtained because of the  extremely shor t  time h is -  
t o r i e s  involved. 

INTRODUCTION 

Many ilirplane and missi le  manufacturers are involved i n  the  design 
of a i r - to -a i r  and other a e r i a l  missiles.  Although t h i s  t a sk  i s  exacting, 
F t  becomes even more complex when a missile must be carr ied,  launched, 
or  je t t i soned  from locat ions on the airplane where asymmetrical flow con- 
d i t l o n s  e x i s t .  These noni.iniforrn f l o w  conditions have been found t o  induce 
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l a rge  c a r r y  loads and t o  produce deviat ions i n  miss i le  f l i g h t  path t h a t  
reduce the mis s i l e -k i l l  p robabi l i ty  and which could, i n  t h e  worst instance,  
cause danger t o  the launching airplane.  The p o s s i b i l i t y  of s t r u c t u r a l  
damage caused by high-frequency pressure pulsat ions of a missile rocket  
motor has also been of concern. 

* 

* 

Various phases of the  ove ra l l  missi le-airplane combination have 
been studied by the National Aeronautics and Space Administration and 
other  agencies by means of s t a t i c  wind-tunnel t e s t  methods such as 
dete--:rLning the aerodynamic cha rac t e r i s t i c s  of missiles t h a t  operate 
w i t h i n  the  nonuniform flow f i e l d  of the a i rp lane  (see r e f .  1) and by 
studying the flow-f i e l d  cha rac t e r i s t i c s  around various wing-body combina- 
t i o n s  ( r e f s .  2 t o  4 ) .  Theoretical  s tud ies  have a l s o  been made of t he  
flow f i e l d  and i ts  e f f e c t s  on missile cha rac t e r i s t i c s  a t  subsonic and 
supersonic speeds ( r e f s .  5 and 6) .  

The purpose of t h i s  paper i s  t o  descr ibe an addi t iona l  method f o r  
studying the launching of a missi le  from an airplane;  spec i f i ca l ly ,  a 
method i s  described f o r  f i r i n g  dynamically scaled missile mde l s  i n  
wind t.mnels and f o r  measuring rocket-motor sound and pressure f luc tua-  b 

t i ons .  Missile-model t r a j ec to ry  t i m e  h i s t o r i e s  u t i l i z i n g  two d i f f e r e n t  
dynamic-scaling c r i t e r i a  a re  presented and discussed, and a sample 
record of the rocket-motor t ransient-noise  pressures  i s  included. 

The pos i t ive  d i rec t ions  of angles and dis tances  a re  shown i n  
f igu re  1. 
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accelerat ion,  f t / s e  c 2 

speed of sound, f t / s e c  

th rus t ,  l b  

g rav i t a t iona l  accelerat ion,  32.2 f t / s e c  2 

a l t i t u d e ,  f t  

moment of i n e r t i a ,  s lug- f t  

moments of i n e r t i a  about body axes, slugs-ft 

cha rac t e r i s t i c  length, f t  

mass, slugs 
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Mach number, V/c 

v2 
L& 2g 

o r  - Froude number, - V 

Reynolds number, - PVZ 
P 

time, sec 

free-stream veloci ty ,  f t / sec  

Euler axes 

dis tances  r e l a t i v e  t o  i n i t i a l  center-of-gravity loca t ion  on 
launching airplane along X-, Y-, and Z-axes, respect ively,  
f t  

angle of a t tack  of launching airplane,  deg 

angular accelerat ion,  deg /s e c * 
angle of s i d e s l i p  of launching airplane,  deg 

angle of p i tch ,  deg 

o>ute \--is 2a itj. , l b - sec  

f t2 

slugs a i r  densi ty ,  - 
7 

f t 3  

angle of roll, deg 

angle of yaw, deg 

angular velocity,  deg/sec 

Subscripts : 

m model. cha rac t e r i s t i c s  

fs  fu l l - sca l e  charac te r i s t ics  

Veloci t ies  and accelerat ions are denoted by s ingle-  and double- 
dot ted quant i t ies ,  respectively.  
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MODELS AND APPARATUS 

The models used i n  the  inves t iga t ion  consis ted of l / l0 -sca le  models 
of a typ ica l  missile and a delta-wing airplane.  
general arrangement of the airplane-missile combination i s  presented 
i n  f i g u r e  2 (a ) ,  and a photograph of the m o d e l s  i n  the  Langley 300-MPH 
7- by 10-foot tunnel is  presented i n  f igu re  3. The a i rp lane  model w a s  
constrncted of mahogany and w a s  suspended from the  c e i l i n g  of the wind 
tunnel by a swept s teel  s t r u t .  (See f i g .  3.) The ogival  nose of t he  
missi le  model w a s  constructed of mahogany and the  cy l ind r i ca l  afterbody 
w a s  made of f i b e r  glass .  
t a i l  f ins  made of f i b e r  glass ,  whereas later versions u t i l i z e d  magnesium. 
The missile wings were a l s o  constructed of magnesium. 
of the m i s s i l e  model i s  presented i n  f igu re  2(b) .  The missile suspen- 
s ion  pylon w a s  constructed of s t e e l  with a f iber -g lass  launching ra i l .  
Two versions of the  launcher were used: one of zero length and the  other 
of f i n i t e  length t h a t  corresponded t o  3 f e e t ,  f u l l  scale .  
drawing of t he  pylon i s  presented i n  f igure  2 ( c ) .  

A drawing showing the  

E a r l i e r  versions of t he  miss i le  m o d e l  u t i l i z e d  

A d e t a i l  drawing 

A d e t a i l  

Crystal microphones and a d i f f e r e n t i a l  pressure gage were imbedded 
i n  the  airplane-model wing lower surface t o  obtain the  rocket-motor 
noise  and pressure pulsat ion.  The locat ions of these instruments a re  
shown in f igure  2(d) .  
below the wing surface.  

The center l i n e  of the missile e x i t  w a s  1.5 inches 

The rocket motors were designed by the  P i l o t l e s s  A i rc ra f t  Research 
Division of the Langley Research Center. 
employed: 
vided an  average t h r u s t  of 90 pounds f o r  a period of 0.07 second with 
a j e t - ex i t  half-angle of 18.0~; type B, used i n  the constant Froude 
number simulation, provided an average thrust  of 10.5 pounds f o r  approx- 
i m a t e l y  0.20 second with a j e t - e x i t  half-angle of 9.5'. A drawing of 
the rocket motors i s  presented i n  f igure  4, and t y p i c a l  s t a t i c - t h r u s t  
t i m e  h i s to r i e s  a r e  presented i n  f igure  5. 

Two rocket  designs were 
type A, used i n  the constant Mach number simulation, pro- 

The photographic instrumentation is presented i n  figure 6( a) ,  and 
a schematic diagram of the complete instrumentation i s  presented i n  
f i g u r e  7. 

The programer contained the  following: 

(1) Controls f o r  regulat ing the speed of the r o t a t i n g  disks  
attached t o  the  s t i l l  cameras which produced multiple-exposure photo- 
graphs of  t h e  nissile i n  f l i g h t .  Two of these cameras were employed, 
one of which obtained the  s ide  view ( f i g .  6 (a ) )  and t h e  other,  mounted 
on the  top of the wind tunnel,  obtained the top view. A t yp ica l  

L 
6 
2 
0 
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multiple-exposure photograph of a missile model i n  f l i g h t  i s  presented 
i n  f igure  8. 

( 2 )  Controls for  s t a r t i n g  the high-speed movie cameras which were 
mounted beside the s t i l l  cmeras .  For the missile launchings xsing the 
constant Mach nmber s inulat ion the movie-camera speeds were approxi- 
m t e l y  6,000 f rmes /sec ,  md  f o r  the constant Frodde number simulation 
the  speeds were approxinntely 1,000 f rmes l sec .  

(3) A turntable  s t a r t i n g  sequence switch which ign i ted  t h e  i l l u m i -  
nat ing photoflash bulbs. 

(4 )  A sens i t ive  b l a s t  galvanometer t o  check the  continuity of t he  
rocket-motor ign i t ion  c i r c u i t  and incorporated two personnel sa fe ty  
fea tures  t h a t  consisted of a lock switch with removable key (automotive 
ign i t i on  type) and a removable p l u g  switch t h a t  inact ivated t h e  motor 
i gn i t i on  c i r c u i t .  

An e lec t ronic  co,mter w a s  u t i l i zed  t o  check the time delays and 
L-a:.iera speeds. A timing osc i l l a to r  w a s  used t o  provide a known f r e -  
quency t r ace  fo r  the oscillograph. The outputs of the magnetic pickup 
in:; t?lled on the rotating-disk cameras were recorded on the osc i l lo -  
:;rzpLph along with a reccrd of rocket-motor igni t ion.  A s igna l  of the  
f i r s t  -lotion of the  lnissile, which provided a zero-time datum, w a s  
obtained a d  recorded when the missile suspension lugs, which were a l so  
an i i i tegral  p a r t  of the rocket-motor i gn i t i on  c i r c a i t  (see d e t a i l  i n  
t'ig. ( I ,  moved off of spr i f ig  coil tact  sxl tches  IC the s=ppC)rthg pylon, - \  

The noise instrumentation consisted of four c r y s t a l  microphones 
and an inductance pressure gage i n  conjunction with a 14-channel tape 
recorder.  The microphones and the inductance pressure gage were 
mounted f lush  with the lower swface  (missile s ide )  of the w i l q .  The 
locat ions of the microphones and the pressure gage are shown i n  f i g -  
ure 2(d)  and i n  the photograph i n  figure 3. A photograph of the  tape 
recorder i s  shown i n  fiu@re 6(b). The microphones had a s e n s i t i v i t y  of 
2 1  microvolts per dyne per square centimeter, a f l a t  frequency response 
from 100 t o  l5,WO cycles/sec (within 3 dec ibe ls ) ,  and an undisturbed 
sound-pressure range xp t o  160 decibels ( r e fe r r ed  t o  0.0002 dyne/cm2). 
The microphone s ignals  were attenuated a known amount by the  cable and 
f ixed  capaci t ies  t o  correspond t o  the dynamic range of the preampli- 
f i e r s .  The at tenuat ion of a given microphone s igna l  could be varied 
i n  ?-decibel increments and fed i n  p a r a l l e l  t o  severa l  recorder channels 
t o  insure a good recording. The signals were d i r e c t l y  recorded a t  a 
tape speed of 3Q in./sec. 
50,000 cycles/sec. 

The frequency range w a s  100 t o  

??le inductance pressure gage had a range of 1/2 lb/sq in .  and 
when used w i t h  a 20 -k lbcyc le  ca-rier a tq l I f 'Te~  has 8 flafu frecpency 
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response f r o m  0 t o  above 1,000 cycles/sec. The pressure gage is  sensi-  
t i v e  t o  a change i n  pressure l e v e l  as w e l l  as t o  f luc tua t ing  pressures. 
The inductance gage w a s  used t o  measure the  low-frequency pressure 
fluctuations.  
center frequency of 27 kilocycles and a t  50 in./sec which gives a fre- 
quency range of o t o  3,000 cycles/sec. 
of the model leaving the launcher w a s  a l so  recorded on the tape recorder. 

The frequency-modulation s igna l  (FM) i s  recorded a t  a 

The zero-time pulse ( f ig .  7) 

I n  order t o  obtain a t i m e  h i s tory  of t he  noise pressure and timing 
s ignals ,  the tape i s  played back a t  15 in./sec and a l l  channels are 

The new record then i s  played back a t  5 in./sec, and the s igna l  is  

recorded on an oscillograph w i t h  standard galvanometers. 
operations on the s ignals  are necessary s o  t h a t  no frequencies of impor- 
tance are l o s t  and the signal-to-noise r a t i o  i s  maintained while t he  
time scale is expanded 16 t i m e s .  

recorded by using frequency modulation a t  27 kilocycles and 30 in./sec. L 
3 6 

2 
0 

4 
The previous 

TESTS 

The t e s t s  were conducted i n  the  Langley 3OO-MFH 7- by 10-foot 
tunnel. Four missiles were launched by using the constant Mach number 
simulation w i t h  a free-stream veloci ty  of 300 f t / s ec  which corresponded 
t o  a Mach number of 0.27 and a Reynolds number of 2.2 x 10 
missile-model length. Eight missi le  models were launched by using the 
constant Froude number simulation with a free-stream veloci ty  of 
275 f t /sec (which corresponded t o  a fu l l - sca l e  free-stream veloc i ty  of 

6 866 f t /sec)  and a Reynolds numb, or of 2.1 x 10 . 

6 based on 

The tests made by using constant Mach number s imi l a r i t y  w e r e  usefu l  
i n  determining the s u i t a b i l i t y  of the  photographic instrumentation f o r  
obtaining t ra jec tory  records under conditions of high longi tudinal  
acceleration (up t o  approximately 53Og model s ca l e ) .  Because of t h e  
low Mach number ( M  = 0.27) of the t e s t s  the  t r a j ec to ry  r e s u l t s  are of 
l i t t l e  quant i ta t ive value s ince the angle of a t tack  employed d id  not  
correspond t o  t h a t  required f o r  f l i g h t  a t  the  assuiied a l t i t ude .  A l l  
of these f i r i n g s  used a f ini te- length launcher. The e f f ec t s  of changing 
launching-airplane angle of a t tack  and s i d e s l i p  as w e l l  as the  e f f e c t  
of launching-rail length w e r e  investigated by using the  constant Froude 
number cr i ter ion.  
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Unpublished s tudies  made at the Langley Research Center have indi-  
cated t h a t  the  problems of dynamic simili tude i n  model t e s t i n g  are multi- 
fo ld  and generally controversial  with the  r e s u l t  that a considerable 
volume of literature has accrued. (See, f o r  instance, refs. 7 t o  11.) 
The problems might be considered as being of one order greater than those 
of fixed-model t e s t i n g  where only the  path of motion of air about the  
model need be similar t o  those about the f i l l - s c a l e  body. I n  dynamic 
t e s t i n g  the addi t ional  requirement i s  t h a t  the path of motion of the 
model be similar t o  the  path of the  fu l l - sca le  body. 
(without regard t o  heat conduction, transfer, e t c . )  the  Reynolds num- 
ber R and Mach number M of the air f l o w  about the  model and the  
f u l l - s c a l e  body must be the  same in  addition t o  the model having geomet- 
r i c  s imi l a r i t y  t o  the fu l l - sca le  body including surface roughness and 
f l e x i b i l i t y .  In  free-model t e s t i n g  the kinematics of the  body are 
introduced and it is necessary t h a t  the  mass and mass d i s t r ibu t ion  of 
t he  model be scaled properly. 
g rav i t a t iona l  forces ,  as required by the Froude number 
l a w  of dynamic s imi l a r i t y  would, therefore,  require  t h a t  each of the 
s i m i l a r i t y  numbers or separate l a w s  be the  same f o r  model and fu l l - s ca l e  
bodies. Consideration of the three scaling parameters ( R ,  M, and Nfi) 
ind ica tes  t h a t  a general  l a w  i s  impractical, i f  not impossible. 

I n  simplest form 

The model must a l s o  respond cor rec t ly  t o  
A general  NR.. 

The general  p rac t ice  is, therefore, t o  assume t h a t  differences i n  
model and fu l l - sca l e  Reynoids numbers have a iiegllgible e f f c z t  ad, 
hence, the aerodynamic charac te r i s t ics  a r e  ident ica l .  For l i g h t l y  loaded 
objects  t h i s  assumption should be adequately considered i n  in t e rp re t a t ion  
of the r e s u l t s  of dynamic-model t e s t s .  Even with the  simplifying a s s u p -  
t i o n  of equal Reynolds numbers an incompatibility arises i n  attempting 
t o  s a t i s f y  both the Mach number and Froude number i n  that the  Mach number 
requi res  t h a t  ve loc i t i e s  of the model and fu l l - sca l e  body be approxi- 
mately the same with the r e s u l t  that a l l  model l i n e a r  accelerat ions 
should be increased by the  sca le  factor ZfshZm (ref. 9).  I n  cont ras t  
t o  Mach number, the Froude number requires t a t  a l l  l i n e a r  accelerat ions 
of the m o d e l  and fu l l - sca le  body must be equal, with the  r e s u l t  that 
the  ve loc i ty  of the model f r ee  stream m u s t  be reduced by the  square root  
of the sca l e  fac tor  (ref. 8) .  With constant Mach number simulation t h e  
v e r t i c a l  accelerat ion of the model i s  too  small f o r  dynamic s imi l a r i t y  
inasmuch as the accelerat ion due t o  gravity cannot be a l te red .  With 
constant Froude number simulation compressibility e f f e c t s  cannot be dupl i -  
cated because of unequal Mach numbers. Because of t he  aforementioned 
incompatabili t ies,  both methods were employed i n  the present  invest igat ion.  

The complete der ivat ion of the scaling parameters i s  included i n  
severa l  papers; however, the  methods of references 8 and 9 were used i n  
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the  present investigation. For completeness, the  pe r t inen t  f ac to r s  

Helix angle . . . . . . . .  

Ar-gular ve loc i ty  . . . . .  

Linear veloci ty  . . . . . .  

Linear accelerat ion . . . .  

Angular accelerat ion . . .  

Mass . . . . . . . . . . .  

I n e r t i a  . . . . . . . . . .  

Time . . . . . . . . . . .  

* 

a re  l i s t e d  as follows : 

I t e m  

~~ 

Constant Mach 
number 

O f S  

Constant Froude 
number 

Vm m 

a 

an 
fs - 1 - -  
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center-of-gravity locat ion = 0.5552. 
determined by weighing the m o d e l  on sensi t ive laboratory scales ,  and the 
center-of-gravity locat ion w a s  determined by balancing the  model on a 
knife edge. 
(which due t o  symmetry corresponded t o  the  body axes) were determined 
from the  ca l ibra ted  periods of to rs ion  pendulums. 

The mass of the missi le  model w a s  

The mass moments of i n e r t i a  about t he  model p r inc ipa l  axes 

For a l l  models used i n  the  investigation, which were ba l las ted  t o  
simulate launching a t  an altitude of 10,000 feet, the  maximum e r r o r  
i s  given as follows: 
of-gravity locat ion it w a s  less than l p e r c e n t ,  i n  
than 1/2 percent, and i n  Ix it w a s  less  than 8 percent. The addi t iona l  
mass correct ions due t o  ambient air conditions were calculated by use of 
t he  method of reference 12 and w e r e  found t o  be negl igible .  

I n  mass it w a s  l ess  than 1/2 percent, i n  the  center- 

Iy = Iz it w a s  less 

RESULTS AND DISCUSSION 

The missi le- t ra jectory displacements were obtained from the  photo- 
graphic records and were correlated with time. These r e s u l t s  were 
graphical ly  d i f f e ren t i a t ed  t o  obtain ve loc i t ies  and accelerat ions.  The 
r e s u l t s  are presented as fu l l - sca le  time h i s t o r i e s  i n  f igures  9 t o  16. 

The photographic instrumentation proved t o  be adequate i n  that 
records w e r e  obtained on three out of four  missiles t h a t  were f i r ed .  
Motion-picture speeds on the  order of 6,000 frames/sec w e r e  u t i l i zed .  

A comparison of the  rounds using the constant Mach number simula- 
t i o n  technique i n  figures 9, 10, and 11 indicates ,  i n  general, t h a t  t he  
e f f e c t  of increasing the  free-stream veloci ty  from 0 ( f i g .  9) t o  
300 f t / s e c  ( f ig s .  10 and 11) had only a small e f f e c t  on the  missile 
t r a j e c t o r i e s .  
i t e d  a considerably higher longitudinal acce lera t ion  than d id  rounds 2 
and 4. 
miss i les  indicates  la rge  var ia t ions  i n  rocket-motor t h r u s t  which might 
be a t t r i bu ted  t o  changes i n  propellant cha rac t e r i s t i c s  between the  vas- 
ious rounds. The t a i l  f i n s  of these models were constructed of f i b e r  
g lass  and incurred a noticeable degree of warpage. This warpage, r a t h e r  
than the  aerodynamic inputs from the  launching-airplane flow f i e l d ,  i s  
f e l t  t o  be the  cause of the s m a l l  var ia t ions t h a t  occurred i n  motions 
along the Z- and Y-axes inasmuch as the forward accelerat ions of t he  
model were s o  high. I n  order t o  eliminate the  t a i l - f i n  w a r p a g e ,  t he  
remaining missi les  had t a i l  f i n s  thzt were constructed of magnesium. 

The notable exception w a s  round 3 ( f i g .  10) which exhib- 

The large difference i n  longitudinal accelerat ions of the  various 
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Constant Froude Number Simulation 

In general, the  t i m e  h i s t o r i e s  of the miss i le  t r a j ec to ry  exhibi ted 
la rger  v e r t i c a l  and lateral  accelerat ions with the  zero-length launcher 
( f i g .  13) than with the f in i te - length  launcher ( f i g .  12) .  For instance,  
the  peak v e r t i c a l  accelerat ion f o r  t he  zero-length launcher w a s  approxi- 
mately 102 as compared with approximately 7.5g f o r  the f in i t e - l eng th  
launcher. 

t 

Increasing the airplane angle of a t t ack  f o r  the  rounds using the  con- 
s t a t  Froude number technique (compare f i g s .  13 and 14)  caused decreases 
i n  the v e r t i c a l  and l a t e r a l  motions but  caused increases i n  the r o l l i n g  
motion. This l a t t e r  r e s u l t  i s  as would be expected because of t h e  
increase i n  both the  s t rength  and gradients  of the  airplane-induced flow 
f i e l d .  The reduction i n  the  v e r t i c a l  and la teral  motions i s  not under- 
stood inasmuch as previous invest igat ions ( r e f s .  1 t o  3) ind ica te  t h a t  
increases wodd be expected. 

Changing the airplane s i d e s l i p  angle produced la rge  changes i n  the 
missi le- t ra jectory cha rac t e r i s t i c s  ( f i g s .  13, 13, and 16) with the  
l a rges t  changes occurring f o r  the pos i t ive  s i d e s l i p  angle. Inasmuch as 
the  missile w a s  under the l e f t  wing, the  la te ra l - f low ve loc i t i e s  (which 
a r e  i n  an outboard d i r ec t ion  f o r  the  zero-s idesl ip  condition) are  
increased and the missi le  l a t e r a l  motions a re  accentuated. Excessively 
la rge  ro l l i ng  accelerat ions a re  incurred for t he  pos i t i ve  s i d e s l i p  
angle ( f i g .  l 3 ( b ) ) .  For the negative s i d e s l i p  angle ( f i g .  16 (b ) )  the  
lateral  parameters are generally of the  opposite s ign and are consider- 
ably lower than those f o r  the pos i t i ve  s i d e s l i p  angle although t h e  
r o l l i n g  rates are  s t i l l  large.  

Rocket-Motor Noise 

The noise records obtained with the tape recorder showed t h a t  the  
ins  tramentation w a s  adequate f o r  obtaining time-his t o ry  t r aces  of the 
overa l l  noise leve l .  Unfortunately, the  time h i s t o r i e s  were of such 
shor t  duration (about 0.06 second) t h a t  a frequency-spectrum analysis  
could not be made. 
motor t ravers ing the  lower surface of the  wing i s  shown i n  f igure  17. 
The t race of the t ra i l ing-edge microphone shows t h a t  t he  noise  began 
as tne  rnissile l e f t  the  launcher (zero-time pulse)  or  s l i g h t l y  before 
as would be expected s ince t h i s  microphone w a s  located i n  the  j e t  (noise)  
cone. 
locat ions)  were picked up as the miss i le  t raversed the wing lower 
surf ace. T 

A typ ica l  noise t i m e  h i s to ry  of the missile rocket  

Signals from the  other microphones (leading-edge and midchord 

The peak noise l e v e l  a t  each microphone locat ion w a s  obtained from 
the peak amplitude of each t race .  These peak noise l eve l s  var ied from t 
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144.1 to 149.2 decibels ( f i g .  17) which corresponds t o  a f luc tua t ing  noise 
pressure of about 5.2 lb/sq f t  t o  11.8 lb/sq f t ,  respect ively.  
l eve l s  of t h i s  magnitude or higher can cause s t r u c t u r a l  f a i l u r e  i f  the  
frequency range occurs a t  the na tu ra l  frequency of the s t ruc tu re  ( r e f .  13). 
References 14, 15, and 16 indicate  tha t  overa l l  noise l eve l s  measured on 
small models cor re la te  wel l  with measurements on l a rge r  s i z e  motors f o r  
a given distance-to-diameter r a t i o ,  if the je t -ve loc i ty  and je t -noise  
angles a r e  the same; thus, it is indicated t h a t  the present  r e s u l t s  can 
be used i n  estimating noise loads on a fu l l - s ca l e  airplane.  The e x i t  
ve loc i ty  f o r  the present  motor w a s  6,500 f t / s ec  and the e x i t  angle w a s  19'. 
It should be pointed out, however, tha t  the  noise l e v e l  of j e t s  occurs 
a t  frequencies which vary inversely with s i ze  or sca le  ( r e f s .  14 and 15); 
therefore ,  when using model r e s u l t s  t o  estimate fu l l - s ca l e  noise loads, 
the  e f f e c t s  of frequency on the fu l l - sca le  s t ruc tu re  should be considered. 

Noise 

The inductance pressure gage (midchord pressure gage) mounted i n  
the same r e l a t i v e  streamwise locat ion as the  midchord microphone shows 
t h a t  the  noise fo r  both occurred a t  the same r e l a t i v e  locat ion on the 
time-history t race.  (See f i g .  17.) The pressure gage also shows a 
displacement i n  the t r a c e  which i s  a t t r ibu ted  t o  the higher s t a t i c -  
pressure l e v e l  i n  the  supersonic j e t  of the rocket engine. 

CONCLUDING REMARKS 

An invest igat ion which w a s  made t o  develop t z z h i q u e s  fsr f i r i n g  
dynamically scaled missi le  models i n  wind tunnels indicated t h a t  such 
techniques a re  p rac t i ca l .  The dynamic-similarity laws were reviewed and 
found t o  be applicable t o  e i t h e r  constant Mach number sca l ing  (equal 
compressibil i ty cha rac t e r i s t i c s )  or constant Flroude number scal ing 
(equal  accelerat ion c h a r a c t e r i s t i c s ) .  
provided reasonable scaled t h r u s t  t i m e  h i s t o r i e s .  The photographic 
instrumentation proved adequate f o r  obtaining f l igh t -pa th  records f o r  
the miss i les  under conditions of high longi tudinal  veloci ty .  

Rocket motors were designed t h a t  

The r e s u l t s  indicated t h a t  the  l/lO-scale model of a t y p i c a l  miss i le  
launched from a f in i te - length  launcher attached t o  a l/lO-scale model of 
a delta-wing airplane had smaller t ra jec tory  deviat ions than d id  the  
missi le  launched from a zero-length launcher. 
angle of a t tack  caused decreases i n  the v e r t i c a l  and l a t e r a l  motions of 
the missi le  but  caused increases i n  the r o l l i n g  motion. 
a i rplane s i d e s l i p  angle produced excessively la rge  r o l l i n g  motions with 
the l a r g e s t  e f f ec t s  occurring f o r  the pos i t ive  s i d e s l i p  angle (missile 
under l e f t  wing). 

Increasing the airplane 

Changing the 

Noise measurements were made and the r e s u l t s  showed high ove ra l l  
acous t ic  leve ls  (approximateiy 146 decibels ) capaIA-3 of exciti,n,g airplme 



12 

st ructures  as rocket missiles a re  launched. A frequency spectrum of 
the  noise could not  be obtained from the  model r e s u l t s  because of the  
extrenely shor t  time h i s to r i e s  involved. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va. ,  November 10, 1959. 
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40.20 A 

Di f fe ren t io I 
pressure gage 

(a) General arrangement of airplane and missile m o d e l s .  

Figure 2. - Drawings of models. A l l  dimensions are  i n  inches. 
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Figure 5.- Typical static-thrust time histories of rocket motors. 
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(b) 14-channel magnetic tape recorder. L- 39-6491 

Figure 6.- Concluded. 
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S S  - Synchronized Shutter 
M P --Magnetic Pickup 

Figure 7.- Schematic diagram of complete instrumentation. 
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(a) Top view. 

(b) Side view. L- 59-6492 

Figure 8.- Photograph of t y p i c a l  missile-model launching. 
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Figure 17.- Typical noise t i m e  h i s to r i e s  of t he  missile t ravers ing  the  
wing lower surface.  

NASA - Langley Field, Va. L-620 


